SUPPLEMENTAL FIGURE LEGENDS
(A) Scatter plot of lncRNA transcript levels versus their nearest protein-coding mRNA levels (green dots if islet-specific, black otherwise) within human islets, showing no correlation between the values. Thus, RNA levels of such gene pairs differ in islets, although they are concordantly active or inactive across multiple tissues (see Figure 3A) . (B) Examples of human islet lncRNA genes located near known islet protein-coding genes. Transcriptional and chromatin landscape of islet intergenic (top) and antisense (bottom) lncRNA loci. LncRNA gene models are in dark red, and coding genes in blue. A red arrow displays the orientation of lncRNA transcription. All rows depict RNA-seq except the first row, which shows the consistent peaks for H3K4me3 (green), H3K36me3 (yellow) and RNA Polymerase II (grey). The vertical axis maximum is fixed at 50 RPKMs for all tissues. Quantitative PCR analysis of orthologous mouse islet lncRNAs in postnatal day 10 mouse islets (neonatal) and adult islets. (C) Quantitative PCR analysis of orthologous mouse islet lncRNAs in E15.5 mouse embryonic pancreas and adult islets. Results are comparable to the analysis of E13.5 vs Adult islets shown in Figure 5 (n=3) (D) Mouse islet lncRNA levels in islets were isolated from young adult wild type or Ob/Ob mice (n=3). All expression levels were normalized to Tbp mRNA and shown as a fraction of adult wild type islet. Bars represent average mean expression (±SEM) and asterisks denote P<0.001 (Student´s t-test) Table S9 : List of primers and target sequences for MIR mediated knockdowns used in this article (attached as an excel file).
SUPPLEMENTAL TABLES

SUPPLEMENTAL EXPERIMENTAL PROCEDURES Human islets and tissues
All experiments were performed according to protocols approved by the Institutional ethical committees of the Hospital Clinic de Barcelona, Geneva University Hospitals, Istituto Scientifico Ospedale San Raffaele, Oxford University, UK Human Tissue Authority and University of Lille. Samples were isolated from multiorgan donors after informed consent from family members. Variables of diabetic and non-diabetic donors used in this study are provided in Table S2 . Pancreatic islets were isolated and purified according to established isolation procedures (Bucher et al., 2005) . For all RNA-seq or ChIP-seq studies, immediately after isolation islets were incubated at 37°C in a humidified chamber with 5% CO 2 in CMRL 1066 medium with 10% fetal calf serum for various periods prior to shipment at room temperature in the same culture medium. Upon arrival, islets were re-cultured at 37°C in a humidified chamber with 5% CO 2 in RPMI 1640 medium supplemented with 10% fetal calf serum, 100 U/ml penicillin, and 100 U/ml streptomycin for three days before extraction of RNA or chromatin (Gaulton et al., 2010; Nammo et al., 2011) . For glucose regulation experiments, human islet culture was performed identically except that glucose was added to glucose-free RPMI 1640 media to achieve final glucose concentrations of 4 vs 11 mM.
Islet purity was assessed by dithizone staining using an aliquot of islets immediately prior to harvest. Further assessment of islet purity was carried out by qPCR analysis of duct, acinar, and β-cell specific markers (SOX9, CPA1, MIST1, NKX6.1, and INS). Only samples showing marginal exocrine contaminant mRNAs were further processed. For glucose regulation experiments we also determined DDIT3 mRNA as an ER stress and glucotoxicity marker, and omitted samples that showed induction.
Human β-cells were further purified from isolated islets by Fluorescence Activated Cell Sorting using the zinc dye Newport Green and exclusion of duct and dead cells, exactly as described (McCulloch et al., 2011; Parnaud et al., 2008) . β-cell purity was ascertained by immunofluorescence, using polyclonal guinea pig anti-insulin antiserum (1:500), followed by texas red-conjugated goat anti-guinea pig antiserum (1:50, Vector Laboratories, Peterborough, UK) in conjunction with nuclear staining with DAPI (Vector Laboratories). Images were captured using a Zeiss LSM510 confocal laser scanning microscope (Carl Zeiss, Jena, Germany). Preparations with > 90% insulin-positive cells were used for sequencing.
Acinar-enriched fractions were obtained after gradient purification of islets. Frozen non-tumoral human tissue biopsy samples and 3-7 hr post-mortem tissue samples were obtained from the Hospital Clinic de Barcelona Biobank, and Neurologic Tissue Bank of Hospital Clinic de Barcelona.
Human fetal pancreas was identified, dissected and pooled from Carnegie Stage 17-19 embryos (42-48 days post-conception) with informed consent (Piper et al., 2004) . At this stage, the pancreas shows initial signs of branching morphogenesis but only scarce signs of endocrine differentiation and <5% of cells express early acinar differentiation markers.
Mouse islet and tissues
All animal experiments were conducted as approved by the Ethical Committee of Animal Experimentation of our institutions and in accordance with national regulations. Unless otherwise stated, islets and tissues were obtained from 10-14 week-old male C57BL/6J mice as described (van Arensbergen et al., 2010) . For maturation experiments, islets were isolated from C57BL/6J mice at postnatal day 10. Neonatal islets were isolated exactly as adult islets, but pancreatic tissue from five animals were pooled prior to isolation. Mouse tissues were isolated from the same C57BL/6J mouse as the islets. Islet experiments shown in Figure 5D -E and embryonic pancreas (E13.5, comparable to Carnegie stage 18) were obtained from CD1 mice. B6.V-Lep ob/J (homozygous for the ob mutation on the C57BL/6J background) and controls were used to isolate islets at 12 weeks of age. For reverse transcription qPCR experiments, freshly isolated islets were used. For sequencing we obtained RNA from islets after culture at 37°C in a humidified chamber with 5% CO 2 for 72 hr in RPMI 1640 medium with 11 mM Glucose supplemented with 10% fetal calf serum, 100 U/ml penicillin, and 100 U/ml streptomycin. For high vs. low glucose culture experiments islets from two animals were pooled and then processed as described above for human islet glucose induction experiments.
Embryonic stem-cell differentiation
CyT49 hESCs were differentiated as described by Schulz et al (manuscript "A Scalable System for Production of Functional Pancreatic Progenitors from Human Embryonic Stem Cells" is under revision). Differentiation employed a suspensionbased format using rotational culture. Briefly, aggregates of undifferentiated hESC were generated by resuspending dissociated cells in hESC media at 1 × 10 6 cells/mL and culturing them overnight in six-well ultra-low attachment plates (Costar) with 5.5ml per well on an orbital rotator (Innova2000, New Brunswick Scientific) at 95rpm. The following day undifferentiated aggregates were washed in RPMI media and then differentiated using a multi-step protocol with daily media feeding except on day 10 and continued orbital rotation at either 95rpm or at 105rpm on days 4 to 8. In addition to GlutaMAX™ and penicillin/streptomycin, RPMI media (Mediatech) was supplemented with 0.2% (vol/vol) FBS (HyClone) and DMEM High Glucose media (HyClone) was supplemented with 0.5X B-27® supplement (Life Technologies). Human activin, mouse Wnt3a, human KGF, human Noggin, and human EGF were purchased from R&D systems. Other media components included TGFb R1 kinase inhibitor IV (EMD Bioscience), KAADCyclopamine (Toronto Research Chemicals), the retinoid analog TTNPB (Sigma Aldrich), and Insulin-Transferrin-Selenium (ITS; Life Technologies).
Transplantation and graft extraction
Transplantation of hESC-derived aggregates into severe combined immunodeficient (SCID)-beige (Bg) mice and subsequent analyses of graft function were performed as described previously with the minor modifications (Kroon et al., 2008) . Differentiated cellular aggregates were allowed to settle by gravity and loaded into semi-permeable macrocapsules (TheraCyte 20 μl device). The TheraCyte device has a pore size permeable to most proteins, but not cells (Rafael et al., 1999) . Devices loaded with cells were inserted subcutaneously under anesthesia. 3 × 106 cells were transplanted into each mouse. Enzyme-linked immunosorbent assays (Mercodia) were used to measure serum levels of human C-peptide before and 10, 30, or 60 min after administration of glucose to mice. Grafts were harvested at 20~22 weeks after transplantation and subjected for qRT-PCR analysis as described below.
RNA analysis
For human tissues, RNA was extracted using RNeasy Mini Kit (Qiagen) following manufacturer´s instructions. For mouse and human pancreatic islets, acinar cells, and pancreatic buds RNA was extracted using Trizol (Invitrogen). The RNA integrity number (RIN) was assessed with a 2100 Agilent Bioanalyzer to verify RNA quality for all tested samples. RNA was treated with DNAseI (Sigma) for an extended period of 20 minutes at room temperature to prevent genomic DNA contamination following manufacturer´s instructions. cDNA synthesis (Invitrogen) and Quantitative real time PCR analysis were performed as described (van Arensbergen et al., 2010) , using SYBR Green detection with the 7300 Real Time PCR system (ABI). cDNA reactions that lack reverse transcriptase were amplified for all quantitative PCR experiments as "NO RT" controls to check for possible genomic DNA contamination. Human TBP or mouse Tbp mRNA were used to normalize the expression of all samples. List of primers designed using Primer3 software (http://frodo.wi.mit.edu/) or qPrimerDepot (http://primerdepot.nci.nih.gov/) is provided in Table S9 . Bars represent average mean expression (±SEM). The analysis of T2D vs. age, gender, and body mass index-matched non-diabetic islet RNAs was performed identically as described above, except that data was compared with Mann Whitney's U-test.
miR based lentiviral knockdown experiments
Four miR hairpins targeting human HI-LNC25 were designed using BLOCK-IT software (Invitrogen) and cloned into pTRIP-CMV gateway vectors (see Table S9 for oligonucleotide sequences). These were then used to produce lentiviruses which were transduced into the EndoC-β-H1 human β-cell line as previously described (Castaing et al., 2005; Ravassard et al., 2011; Scharfmann et al., 2008) . The cells were harvested at 72 hours, unless otherwise stated, and the best two of four knockdowns were used for RNA quantification experiments, namely sh1 and sh3. Cells transduced with a non-targeting control hairpin and non-transduced cells were generated and analyzed in parallel. Lentiviral production, transductions and culturing of EndoC-β-H1 cells were done as described (Castaing et al., 2005; Ravassard et al., 2011) . Insulin secretion was studied to confirm 5-8 fold induction of insulin release in static incubations with 0.5 mM vs. 15 mM glucose and 500 µM IBMX in non transduced and transduced cells (not shown). The full insert sequences for miR based knockdown vectors are given in Table S9 . RNA extraction and reverse transcription-qPCR experiments were carried out as described above. In an initial screening stage, 24 islet mRNAs encoding for known islet gene products were quantified. GLIS3 mRNA showed consistent downregulation and was thus selected for further replication and time-course analyses.
RNA-seq
Samples from three human islet donors, two FACS purified β-cell preparations, an acinar-enriched sample, and two pools of mouse islets were used for PolyA+ RNA purification. Human PolyA+ RNA samples were used to construct random hexamer-primed non-directional cDNA libraries, whereas mouse islet PolyA+ RNA was used for unidirectional cDNA libraries, and were subsequently used for pairedend sequencing in GAIIx or HiSeq2000 Genome Analyzers. Three separate islet RNA samples were depleted of rRNA with RiboMinus (Invitrogen) and used for construction of strand-specific cDNA libraries and sequencing with the SOLiD 4 system.
We also used RNA-seq reads from the Illumina human BodyMap2 dataset (available at http://www.ebi.ac.uk/arrayexpress/browse.html?keywords=E-MTAB-513), which contains a total of ~2.5 billion non-directional 50 bp paired-end reads from 16 human tissues or cell types (adipose, adrenal glands, brain, breast, colon, heart, kidney, liver, lung, lymphatic node, muscle, ovary, prostate, testes, thyroid gland and white blood cells). Mouse PolyA+ RNA-seq reads were obtained from the ENCODE/LICR project (Myers et al., 2011) for 8 non-pancreatic tissues: bone marrow, cerebellum, cortex, heart, kidney, liver, lung and spleen.
All human reads were aligned to the NCBI36/hg18 version of the human genome, and mouse reads were aligned to NCBI37/mm9. The PolyA+ reads were aligned using TopHat v1.2.0 ), allowing only 1 mismatch per read and no multi-mapping (default parameters plus -g 1 -r 250 --coverage-search --butterfly-search), using --library-type fr-firststrand flag for strand determination when needed. The rRNA-depleted reads were mapped using Bowtie (Langmead et al., 2009) , allowing for up to 3 mismatches and no multi-mapping (default parameters and -n 3 --nomaqround, with --norc and --nofw flags for determining the strand). The number of uniquely aligned reads and more detailed information for each sample are shown in Table S1 ,S7.
ChIP-Seq
Human islets were fixed and sonicated as described in (Gaulton et al., 2010) , and chromatin immuno-precipitations were performed as described in (Boj et al., 2009) with modifications. Frozen crosslinked cell pellets of ~4,000 islets were thawed on ice in 1 mL lysis buffer and disrupted with five 1-min cycles with 0.5 mm glass beads (BioSpec). Samples were sonicated for 10-20 cycles of 30 pulses each (1s on and 0.5 s off) using a Brandson Sonifier 450D at 15 % amplitude. The size for the bulk of chromatin obtained with this procedure was checked to be in the range from 200-1000 bp. For ChIPs, ~300-400 human islet equivalents (IEQs) were precleared with A/G sepharose beads (Ge Healthcare) for 1 h, rotating at 4ºC, and then incubated with each of the following antibodies: H3K4me3 (Upstate 05-745), H3K36me3 (Abcam ab9050) and RNA Polymerase II (Diagenode AC-055-100). Afterwards, samples were rotated for 2 hr at 4ºC with protein A/G sepharose beads and then sequentially washed with low salt, high salt, LiCl and TE buffers. Next, chromatin was eluted with SDS 1% buffer and sequentially treated with RNAse (>5 hr at 65 ºC) and Proteinase K (overnight at 45 ºC). Finally, DNA was extracted with phenol-chloroform followed by ethanol precipitation.
ChIP libraries were prepared according to Illumina protocols and sequencing of single end reads was performed on a GAIIx system. Reads were aligned to the NCBI36/hg18 version of the human genome using Bowtie v0.11.3, allowing 1 mismatch per read and no multi-mapping (see Table S2 ). Reads were extended post-alignment in silico in their direction, to a final length equal to the fragment size estimation based on MACS (Zhang et al., 2008) . The number reads mapping to each base in the genome were counted, obtaining a read density signal to be visualized on the UCSC genome browser (Kent et al., 2002) .
Enriched regions were identified using SICER v1.03 (Zang et al., 2009 ) in 100bp windows, allowing a 200 bp gap for H3K4me3 and 400 bp for H3K36me3 and RNA Pol II. To eliminate PCR amplification clonal artifacts only unique reads were used to call enrichments. To control for systematic biases, a dataset derived by sequencing unenriched input DNA was used to define a background model. Only peaks at FDR<10 -3 over background were retained. A post-processing step was applied in order to consolidate all H3K4me3 and H3K36me3 sites of enrichment, whereby we retained only those sites that were called in the sample with strongest enrichment values (HI-32) and furthermore overlapped a minimum of one base with a site called in at least one of the replicates. This analysis allowed us to determine 23,543 H3K4me3, 48,625 H3K36me3 and 10,945 RNA Pol IIenriched regions.
Transcript assembly
The RNA-seq reads of similar tissues were analyzed inidividually for assessment of reproducibility, as well as pooled and analyzed together to create gene models. Namely, the three PolyA+ human islet samples, the three directional rRNAdepleted human islet samples, the two FACS β samples, and the two mouse islet samples were pooled for this purpose. The number of RNA-seq reads overlapping each genomic nucleotide was obtained using genomeCoverageBed (with the -dsplit -ibam flags) from the BedTools utility suite (Quinlan and Hall, 2010) . Then an initial catalog of all 'pileups' was built, defined as the genomic regions with more than two overlapping reads. Pileups were joined if separated by alignability gaps, defined as regions with a score < 0.1 in the CRG Alignability 50bp track (generated using GEM-mappability program (Derrien et al., 2012) ) of the UCSC browser. The expression of each pileup was then calculated in RPKM, as defined in (Mortazavi et al., 2008) . The transcriptional units that were defined in this manner were classified as exonic, intronic or non-genic by comparison to RefSeq (Pruitt et al., 2009) , UCSC (Hsu et al., 2006) and Ensembl (Flicek et al., 2012) gene annotations.
To further extend pileups, a catalog of all possible splice junctions was made by joining the junctions produced by TopHat (which finds splice junctions via split-mapping of single reads) and/or by an in-house script that is based on mapping pair-end reads. The script determines the average gap size of all aligned pair of reads, then identifies pairs of reads that map away from each other at >3 times the abovementioned mean gap distance. Next, it selects those pairs in which the gap between the reads is coherent with the gap that separates the two pileups to which the reads belong, and defines these as junctions.
All pileups connected with splice junctions were joined after discarding all junctions supported by <15% of the reads in the pileups. This defined all major active splice variants in human islet cells. Finally, a transcript catalog was created, which comprised all unspliced transcripts plus the most prevalent variant of each spliced transcript, defined as the one formed by junctions that were supported by the largest number of reads.
Finally, the RNA-seq data from the strand-specific libraries prepared from rRNA-depleted human islet samples was used to define the direction of each transcript, by determining the strand with the higher number of reads mapped in the transcript region.
To validate this analysis at the sequencing depth obtained in our samples, we examined RefSeq and UCSC annotated genes, and found that >70% were detected at a threshold of 0.5 RPKM.
Definition of lncRNAs
To define a stringent set of candidate lncRNAs, transcripts were selected from the catalog of expressed transcripts if they fulfilled all of the following criteria: a) >200 bp long, b) overlap with a H3K4me3 peak detected in at least 2 of the 3 islet ChIPseq experiments, whose position is coherent with the expressed strand c) expression in the pooled islet PolyA+ samples and FACS-purified β-cell samples at >0.5 RPKMs, and d) lack of evidence for splicing to any annotated coding gene. LncRNA genes located >1kb away from any coding gene were classified as intergenic. LncRNAs <1kb from a coding gene that were transcribed in a convergent orientation were classified as convergent. The latter were subsequently pooled with intergenic lncRNAs for all subsequent analyses. Finally, lncRNAs <1kb from an annotated gene and transcribed in a divergent orientation from the nearest coding gene were classified as antisense. LncRNA candidates located at <1kb from annotated coding genes and transcribed in their same direction were not included in this analysis.
The exclusion of genes lacking H3K4me3 peaks effectively removed genes that are exclusively active in contaminating acinar cells, as shown in Table S3 . This occurs because Transcripts highly expressed in only a few contaminant cells can greatly contribute to RNA-seq signal but comparatively less to ChIP-seq, due to the narrower dynamic range of histone modification signals.
LncRNA candidates located within the boundaries of annotated coding genes can only be identified by strand-specific RNA-seq when they transcribe antisense to the overlapping gene. The rRNA-depleted strand-specific RNA-seq data was employed to ascertain 55 overlapping antisense lncRNAs using existing transcript annotations, all of which complied with the same detection criteria used for the discovery of other lncRNAs. However, because the boundaries or expression level quantification with rRNA-depleted data could not be determined in a comparable manner to the PolyA+ RNA-seq data, this set of lncRNAs was not used in subsequent downstream computational analyses. KCNQ1OT1, which formed part of the 55 overlapping antisense lncRNAs and is known to map to a T2D susceptibility locus, was selected for quantification in human islets from T2D vs. control donors. ANRIL, another lncRNA that maps to a T2D susceptibility locus, did not fulfill our criteria for the identification of islet lncRNAs.
The above criteria identified 1168 candidate lncRNA transcripts which were next evaluated for protein coding potential by three different means, along with random intergenic regions and coding exons. First, for each region, the overlap with two genome-wide open reading frame (ORF) predictions (GeneID (Blanco et al., 2007) and GeneScan (Burge and Karlin, 1997) ) was calculated, taking the direction of the transcript into account. Next, the three possible open reading frames were translated to protein by the transeq tool from the EMBOSS package, and the longest possible ORF was calculated. This ORF was searched against the Pfam database (Punta et al., 2012) for similarities with known proteins ( Figure  S1F ). Forty transcripts that overlapped >300 bp with a coding prediction, had a longest ORF of >130 amino-acids, and had one or more Pfam hits, were considered as likely coding, and were thus not classified as lncRNAs. The resulting set of 1128 lncRNAs were analyzed by calculation of the codon substitution rate Wright score (Fuglsang, 2006) , using the chips tool from the EMBOSS package.
To generate negative control regions, we randomized the position of each lncRNA across all mappable genomic space not occupied by coding genes present in RefSeq, UCSC and Ensembl annotations, referred in the text as 'random intergenic'. As positive control regions we used sets of 1128 randomly selected coding exons (referred as 'random exons'), or 1128 randomly selected RefSeq genes ('random RefSeq').
To address possible effects of the gender of islet donors, we correlated lncRNA expression levels in a female islet sample with those in a reference male sample (HI25). Spearman's ρ for the comparison was 0.66, while comparing the three male samples (HI25 against HI10 and HI32), gave Spearman's ρ of 0.69 and 0.62 respectively. Therefore, the variability in lncRNA expression between a male and female sample is similar to that observed between different male samples.
Islet specificity analysis
Hierarchical clustering of transcript expression across tissues was assessed with Cluster 3.0 v1.5, after normalizing gene expression levels, using the average linkage method and city-block distance metric. Visualization of the clustering was performed with Java TreeView v1.1.6r2.
To quantify islet-specificity of transcripts, expression levels in islet samples versus the other 16 human tissues were compared. The islet-specificity score δ of each transcript was defined as:
where µ isl was the mean expression of the three PolyA+ human islet samples, and µ non-isl and σ non-isl were the mean and standard deviation of the expression levels in the other 16 tissues, respectively. Therefore, a positive score indicated that the transcript was expressed in islets at a considerably higher level than in the rest of the tissues. If a transcript had an acinar expression level greater than the mean islet and FACS β-cell levels, they were given the lowest islet-specificity score, regardless of the expression levels in the other tissues.
Analysis of expression correlation between gene pairs
We studied the correlation of expression across 16 non-pancreatic tissues and human islets of random pairs of RefSeq genes, and the pairs of lncRNAs and their nearest coding gene. For each pair, we calculated Pearson's r coefficient for the RPKM expression values of both transcripts in every tissue where at least one of the transcripts was expressed, using the cor function in R (http://www.rproject.org/). Only pairs with expression (>0.5 RPKM) in 3 or more tissues were considered in the analysis.
Gene ontology analysis
The analysis of annotations of genes near lncRNAs was performed using the Genomic Regions Enrichment of Annotations Tool (GREAT) (McLean et al., 2010) . We chose the raw p-value as the statistical significance parameter, and used the results from the MSigDB Pathway ontology dataset. The analysis of genes expressed in human islets but lacking a H3K4me3 peak in the promoter (Table S6) was performed with the Database for Annotation, Visualization and Integrated Discovery v6.7 (DAVID) (Huang da et al., 2009a, b) , using the functional annotation chart tool.
Analysis of Clusters of Open Regulatory Elements (COREs)
Clusters of Open Regulatory Elements (COREs), previously defined as clusters of islet-specific open chormatin sites defined by FAIRE analysis (Gaulton et al., 2010) , were defined in a more restrictive manner using additional datasets, namely islet H2AZ, H3K4me1, and H3K4me3 (Lorenzo Pasquali, manuscript in preparation). Briefly, we identified putative distal regulatory elements (n=36,688) by fetching all open chromatin sites (FAIRE and/or H2AZ-enriched regions that were also enriched for H3K4me1 but not for H3K4me3) in human islet chromatin. We created clusters of all islet regulatory elements, consisting of a minimum of 3 regulatory elements located at <20 Kb from each other (n=4,238). This distance was selected based on the observation that less than 25% of a randomized set of islet regulatory elements is located at smaller distance, as opposed to 50% among observed islet regulatory elements. To create islet-selective clusters of regulatory elements, we defined a set of islet-selective regulatory elements (n=11,035) by filtering out all regulatory elements overlapping any of the following epigenetic features present in nine publicly available non-islet cell lines (Rosenbloom et al., 2012) : H2AZ (HELA, T24 and CD4 T cells), FAIRE (K562, HUVEC and HepG2) and H3K4me1 (NHEK, HSMM and GM12878). Islet-selective clusters (COREs) (n=2,059) were defined as the subset of clusters with at least 50% islet-selective regulatory elements.
Conservation analysis
Evolutionary conservation of sequences was assessed by determining, for each transcript, the mean placental mammal phastCons score (Siepel et al., 2005) , using a subset of 31 placental mammals of the 44 vertebrates data for hg18. To assess human-to-mouse sequence conservation and transcriptional activity, we examined human islet lncRNA exons, as well as the same fragments after randomizing their location 1000 times in the alignable portion of intergenic space, and 1000 random selections of an equal number of exons from protein-coding genes. We used the LiftOver tool from the UCSC browser, which is based on BLASTZ (Schwartz et al., 2003) , to map the human hg18 coordinates to mouse mm9 coordinates, and considered only hits >200 bp long. The transcriptional units in the resulting orthologous mouse genomic regions were determined by analysis of mouse islet RNA-seq dataset, and quantified using the coverageBed tool from the BedTools utility suite (with the -abam and -split flags) with the strand-specific uniquely aligned islet mouse RNAseq reads.bam file. Any mouse transcriptional unit showing >0.5 RPKM was classified as expressed. Islet-specificity was calculated as described for human datasets, using the publicly available mouse non-pancreatic RNA-seq ENCODE/LICR datasets described above.
Analysis of enrichment of lncRNAs in GWAS data
We used MAGENTA (Segre et al, 2010) , with adaptions described below, to evaluate whether lncRNAs were enriched for association to Type 2 Diabetes and related glycemic traits. For these analyses, we used large-scale genome-wide association meta-analysis data sets available for Type 2 Diabetes (Voight et al., 2010) , fasting glucose levels, HOMA-B, HOMA-IR (Dupuis et al., 2010) , height (Lango Allen et al., 2010) , waist-hip ratio (Heid et al., 2010) , high-density lipoprotein (Teslovich et al., 2010) , and body mass index (Speliotes et al., 2010) . The choice of traits was defined by those for which summary genome wide association data were available to us either through collaboration (Type 2 Diabetes via the Diabetes Genetics Replication and Meta-analysis consortium) or via public domain deposition (continuous glycemic traits via the MAGIC Consortium, downloaded through http://www.magicinvestigators.org/downloads/; anthropometric traits via the GIANT consortium downloaded from http://www.broadinstitute.org/collaboration/giant/index.php/GIANT_consortium_dat a_files; and lipids traits via the Global Lipids Genetics Consortium, downloaded from http://www.sph.umich.edu/csg/abecasis/public/lipids2010/).
MAGENTA uses the per variant association p-values in meta-analysis summary statistics to obtain calibrated p-values of per-transcript evidence for trait association, correcting for differences in transcript size, number of variants, and patterns of linkage disequilibrium which would otherwise confound enrichment analyses. MAGENTA is usually used to detect enrichment of association signals in a set of coding genes of interest, as compared to a null distribution formed from other coding genes. In the present study, we instead compared subsets of lncRNAs against random fragments of the mappable genome. For each of the lncRNA sets (all islet lncRNAs, antisense only, intergenic only), 3 independent sets of 100,000 random fragments, matched for the respective distributions of lncRNA size and distance from protein-coding genes, were generated using BedTools and custom scripts. For each of the lncRNA sets, an enrichment p-value was computed by comparing the enrichment score for the set of lncRNAs to that from a null distribution of 10,000 randomly sampled sets of random genome fragments (each set containing the same number of fragments as were present in the respective lncRNA test set). The 95 th percentile of all association p-values, which were corrected for size, number of variants, linkage disequilibrium properties and distance from protein-coding genes, was used as the lncRNA enrichment cut-off.
Statistical analysis
Unless stated otherwise statistical tests were implemented with the R statistical package (http://www.r-project.org). The Chi-square test was used to compare the frequency of an occurrence between two groups by analyzing the 2 by 2 contingency tables using the chisq.test function without the default Yates' continuity correction. Independent 2-group Mann-Whitney U-tests were used to compare distributions using the wilcox.test function with default parameters. Pearson's r coefficient was calculated using the cor function with default parameters. Student's t-test (two-tailed, equal variance) was performed with Microsoft Excel to obtain p-values for quantitative PCR experiments. Error bars in Figure 4 -6 represent SEM.
